a tiger-jia@163.com, b 165597687qq.com , c breakthroughliu@yeah.net, d 675792114qq.com, e liurpengq@yeah.net Abstract. Microgel can be used as a novel deep profile control (conformance control) agent in the aspect of EOR(Enhanced oil recovery) in mature oil field development. Dispersion polymerization of microgel has been successfully carried out in aqueous AS (ammonium sulfate) media by using AM (acrylamide), PEG 200 DA (Poly(ethylene glycol (200) diacrylate)), PVP (Poly(vinyl pyrrolidone)), V-50(2,2'-azobis(2-amidino-propane) dihydrochloride), as the monomer, cross-linker, stabilizer and initiator, respectively. The effect of ammonium sulfate and Poly(vinyl pyrrolidone) concentrations are strongly on microgels successfully polymerization. POM and SEM results show that the shape of microgels is in oval or nonspherical state. The surface structure of microgel is rather accidented full of mesoporous. Addition of inorganic salts interacting with poly(acrylamide) microgel can affect its micromorphology and results in the appearance of single crystal clusters. Sand pack flowing experiment shows that the microgel has perfect propagating property during the process of injection and can achieve a high oil recovery efficiency of 23.4% by the total of 0.4 PV microgel solution injection.
Introduction
The use of microgel was proposed for conformance control application in mature oilfield development. In this work, we chose PEG 200 DA as the cross-linker and design experiments to synthesize poly(acrylamide) microgel by Dispersion Polymerization in Aqueous Solution of Ammonium Sulfate and also study the micromorphology of microgel under the effect of the Addition of Inorganic Salt. Core flooding experiments of microgel used as conformance control agent is conducted. It aims at giving guidance for better perfecting of this technology both in lab and field test.
Experiment
The materials were used in experiments without further purification, including monomer acrylamide (AM), ammonium sulfate((NH 4 ) 2 SO 4 ), polymeric stabilizer Poly(vinyl pyrrolidone) (PVP K-30,Mw=40000g/mol), initiator 2'-azobis(2-amidinopropane) dihydrochloride (V-50) and cross-linking monmer Poly(ethylene glycol(200) diacrylate) (PEG 200 DA), the former were A.R.grade,the latter(PEG 200 DA)furnished as with net weight more than 99.5 wt.%,were employed. Deionized water was used throughout this work for polymerization. Other reagents such as NaCl, KCl, CaCl 2 , used to investigate the influence on the micromorphology of microgel were A.R.grade and used directly.
All variables can affect the results in this polymerization, previous studies indicated that the concentration of ammonium sulfate and polymeric stabilizer PVP are rather related to the polymerization effects. Therefore, the concentrations of both two materials only acted as variables in the following experiments. Various monomer concentration, ranging from 5 to 15 wt.% has been successfully used for dispersion polymerization in ammonium sulfate media. However, using higher monomer concentration for polymerization in this system is more welcome. Therefore, production efficiency will increase when in a commercial process. In view of this, acrylamide used in every experiment was at a high concentration of 15.0 wt.%, The amount of PEG 200 DA only depends on the swell property of micogel. How the law working exceeds the research contents of this paper, whereas, PEG 200 DA were added with constant concentrations of 0.25 wt.%.
Dispersion copolymerization was carried out in a 250mL three-neck separable flask equipped with mechanical stirrer, water bath, and a nitrogen inlet under nitrogen. After purging with nitrogen for half an hour, the polymerization was initiated by drop-feeding V-50 aqueous solution into the reactor uniformly over a period of 1h. After reacting 6h, heating stopped, and the poly(acrylamide) microgels were obtained. The polymerization was carried out at 45°С, and the stirring speed was fixed at 400rpm in all experiments. The poly(acrylamide) microgel were photographed by an image analyzer POM (polarizing microscope) and SEM (scanning electron microscope).
Results and Discussion

Microgel Synthesis
The representative recipe and the polymerization results are summarized in Table 1 . Microgels were obtained in experiments 3 through 9, and 14, showing that synthesis of poly(acrylamide) microgel is feasible in our method. In experiments 1 through 10, the salt concentration was varied from 20 wt.% to 30 wt.%, the initiator and stabilizer concentrations were kept constant at 0.10 wt.% and 1.50 wt.%, respectively. The effect of salt concentration seems strongly on microgels forming. When the ammonium sulfate concentration was below 24 wt.%, the mixture solution system is unstable and dispersion polymerization could not be done successfully. Experiments 3 through 9, and 14 show that the suitable salt concentration range in our experiments is 24-28 wt.% and similar with the result of 24-30 wt.% and 21-27 wt.% found previously by Cho et al. [1] [2] and Song et al. [3] , respectively. The main role of stabilizer for dispersion polymerization is surface active and protects the particles by adsorption and both steric and electrostatic stabilization.
Results show that unsuccessfully polymerization is liable to occur with too low or too high stabilizer concentrations. It is consistent with the results for dispersion polymerization of acrylamide (PAM) by Cho et al. [1] in this method. High yield of agglomerate also can be obtained when at low stabilizer concentrations (1.20 wt.% and 1.35 wt.%, expt. No 12 and 13).The mechanism can be explained as follows: 1) insufficient adsorption of stabilizer on to the polymerized phase will lead to the weak steric stabilization during polymerization; 2) In addition, as for dispersion polymerization of polymer or copolymer, viscous gel particles are often formed during nucleation growing phase, thus, great polymer chains will be stretched more or less and bring high repulsive force in the medium, which will act as agglomeration barriers. Contrarily, there is no apparent viscosity after microgel formed due to its cross-linking structure. Therefore, the nucleation and growing phase for microgel forming will show little repulsive fore at low stabilizer concentrations, probably because of no liner polymer chains spreading in the medium. It means that more amounts of stabilizer are needed for polymerization stabilization. However, agglomerated and cross-linked lumps separated from the medium when the stabilizer concentration was too high (above 1.70 wt.%, expt. No 15 and 16). The presence of extra stabilizer molecules will increase the viscosity of polymerized media and may produce many physical links between particles, leading to larger particles and ultimately inducing big cross-linked lumps. Figure 1 shows the representative micrographs of the two samples. POM result (Figure1A) shows that most the shape of two representative microgels is in oval or nonspherical state, with some large agglomerated and cross-linked lumps. This is rather different from the shape of microgels or viscous gel particles polymerized in organic solvents by emulsion polymerization or other polymerization methods. It suggests that coalescence of small microgel also has taken place during the course of polymerization. This is similar with the results of viscous gel particles often presenting in oval or nonspherical state for polymer (PAM) or copolymer AM / AODBAC polymerization in this method. Thus, microgels with various nonspherical state can be achieved. The coalescence ability may depend on the reactivity of cross-linking monomer. SEM results (Figure 1B) show that the diameter of most microgels of the two samples is less than 120µm , around 30-120µm, which is larger than that of viscous gel particles with the average particle diameter around 1.9-4.2µm [1] . This may be caused by the addition of cross-linking monomer. Coalescence of microgels will tend to be easily achieved, even becoming more intensely. From the SEM observation of Figure 1B , it seems that the microgels are composed of fluffy stratus cloud, making the surface rather accidented, to form a kind of mesoporous material. The representative surface structures of the two samples are all in typical irregular massive structures with numerous fissures and shown in Figure 1C .
Effect of TDS on the Micromorphology of Microgel
The salinity of injection water is a key factor to assure the performance of microgels both in surface installation and reservoir condition. In our experiments, the simulated injection water employed furnished by adding of NaCl and CaCl 2 with the TDS (total dissolved solids) are 10000mg/l, 30000mg/l and 50000mg/l, respectively. The concentrations of CaCl 2 are kept constant at 500mg/l in all simulated injection water. The deep profile control system furnished for concentrations of 5000 mg/l microgels dispersed in simulated injection water and sealed in bottles at 65℃. The samples are taken for photographing after 2 days. Figure 2A shows that the microgels are still keeping at the original nonspherical state in a solution of 10000mg/l TDS. However, microgels have occurred swelling and the maximum diameter can reach at nearly 160µm. It suggests that the swell property of microgel cannot be seriously affected at this high TDS. On the basis of the results, the swell mechanism of PEG 200 DA based microgels may be due to the decomposition of this liable cross-linker, not just depending on absorbing surrounding salinity water.
For various microgels, the presence of ions in the aqueous phase can strongly affect the solubility of the polymer chains in water phase, which can lead to the changing in microgel size as well as the colloidal stability. Without exceptional, Figure 2B illustrated that no apparent microgels are showing in a solution of 30000mg/l TDS, except for irregular cuboid crystal clusters. It could be deduced that the morphogenesis of microgels can be affected by increasing the concentration of NaCl. This is consistent with the result of the inorganic salts playing an important role in the synthesis of mesoporous single crystals. For instance, The morphology of the MCM-41crystals can be effectively modulated by adding inorganic salts (KCl, NaCl) [4] . Current results can further demonstrate that the synthetic microgel may be a kind of mesoporous material, which can make a contribution to better understanding the mechanism of dispersion polymerization of microgel in a solution of ammonium sulfate. Another reason for the morphogenesis of microgels may the reason of the presence of free Ca 2+ , which can promote crystal growth within microgels by diffusion from the aqueous phase [5] . In addition, free Ca 2+ ions can form intermolecular complexes that also provoke the partial shrinkage of the microgels. Therefore, the spatial distribution of the surface energy of the mesoporous microgel can be further changed to affect its morphology. Figure 2C shows that the crystal clusters split to small piece with the continuous increasing the concentration of NaCl. This crystal growth phenomenon is adverse for microgels to achieve the goals of blocking big pore and diverting chase water to displace previously unswept oil in adjacent zones.
Core Flooding Experiments
The materials employed in these study included Bohai bay crude oil, with a viscosity of 720 mPa.s at 50℃ and formation water of Sui-Zhong 36-1 J17 well, with a total TDS of 9500mg/l, the previous synthesis microgel dispersed in formation water at concentration of 0.5wt%, was used as
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Natural Resources and Sustainable Development II conformance control agent. Crystal clusters are not detected in this low TDS solution which is accordance with previous experiments. All experiment was set in an oven at 65℃. A long sand pack was used to simulate the porous media. It aims at investigating the propagation characteristic of microgel during the process of injection and subsequent water flooding. The basic petrophysical properties and fluid saturation of the sand pack is listed in Table2.
After the settled oil saturation was established, pump the formation water at constant flow rate of 2 ml/min to calculate the primary oil recovery for the first water flooding. The pressure values in two caps are recorded at a given interval. Inject about 0.4 PV microgel solutions to the sand pack at the same flow rate of 2 ml/min, the pressure was monitored during the injection process and the effluent oil was collected for calculating the recovery by microgel displacement. All lines are cleaned after microgel solutions injected into the sand pack, and then the core flow setup was shut in to allow the microgel to swell to become mature at a temperature of 65℃ for 15 days. Then, formation water at constant flow rate of 2.0 ml/min was injected into the sand pack for pressure and oil recovery monitoring. Figure 3 shows that the steady pressure keeps at low level around 0.022MPa in the last period for the first water flooding stage, due to the high permeability characterize of the sand pack. Subsequent, the two curves show the same rising tendency and climb to the maximum value of 0.35MPa at the end of the injection of the total 50 ml microgel solution. The dynamic process has been investigated in previous section. After microgels thoroughly swelled, the inlet pressure continuously increased and was until up to the maximum value of 0.57MPa during the process of the total 290 ml formation water injected, which is higher than the pressure in the last period for the first water flooding stage. However, the pressure in 1/3 tap still kept at low value, it may be caused by the severe sealing in the 1/3 length of the sand pack, so that the pressure cannot smoothly propagate in the 1/3 part by the continuous water flooding. Two acquired pressures tend to the same value after 368 ml water injected, demonstrating that microgel in the former 1/3 part has migrated to a new displacement, which leads to pressure drop and shows several leaps in two curves. With the injection of continuous formation water, the pressure levels off to a plateau and in the low values level of 0.20 MPa and 0.15MPa for the two pressure taps, respectively. The labile cross-linker PEG DA 200 decomposed to a certain degree which can lead to the increasing of water phase viscosity to achieve the goal of mobility control. The pressure can still keep at a steady level after 15 PV brine water flooding, showing that the novel microgel have strong and durable mechanical performance to withstand brine flowing. Oil recovery efficiency in different experimental stages was summarized in Table 3 and shown that the novel microgel can provide strong ability to seal the big pore and modify reservoir heterogeneities. 
Conclusions
Microgel synthesis has been successfully carried out using a novel process of dispersion polymerization. This study is highly helpful to synthesize various functional microgel by using this novel method. The microgel is analogous to a kind of mesoporous material from the observation of surface structure. The crystal growth phenomenon of microgel was discovered at high TDS of 30000 and 50000mg/l. However, as our information goes, this crystal growth phenomenon has not been reported for the currently deep profile control agents "bright water" as the products of emulsion polymerization. Therefore, research on the morphology of such microgel polymerized by emulsion polymerization when interacting with formation water of different salinity and temperature is also needed. Core flooding experiment shows that the novel microgel can be used as a superior conformance control agent in high permeability reservoir.
